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Satety 


Caution, common sense and pr 


grounding technique 


will prevent n 


edless accidents, 


Play it safe. It's easy to do so by following a fou, 
common sense simple rules. 

It would appear at first sight that the casiest way to 
avoid shock, when making repairs or installing new equipment, 
is merely to yank open the main switch. ‘this deactivates 


all the wi 


ring in the house and therefore you can touch 
anything with complete safety, This move is practicable 


if the work will take only a few minutes 


say up to about 15 
or 20. You must remember that pulling the main switch 
removes power from the kitchen refrigerator (and food freezer), 


which might be undesirable in warm w 


ather; and also shuts 
سم‎ any modern heating plant,” which might be undesirable 


in cold weather. 


iith the main switch off you have no 
electric light, so you can work only in daylight in an area 
smear a window. 


Although an open main Switch gives 2005 safety, you 


can still have 100% safety, and the convenience of power 
for light, tools, ctc., by removing the branch fuse only 


for the circuit that you want to touch. Presunably you 


have identified all the fuse or circuit breaker positions, 


$o this should take only a monent. Don't merely loosen 


the fuse in its socket; uuscres it completely and place it 


on the fuse b 


Inform the other members of the family 


present in the house as to just vhat you 


ire doing, 


and 


what outlets, 


lights, etc., will be inoperative while you 


are doing it. 
With the line, presumably opened by the fuse or breaker, 
rivo it a double check with the Lightester, If the bulb 


“of the latter doesn't light, you can proceed. 


pasic Llectriciiy 
Introduction 


When we say electricity, what do we mean? Electricity 


is broken down into four basic units. The four boeing: 


(A) Volt - The amount of pressure 
(B) Amphere - the amount of flow 
(C) Ohm - the amount of resistance 


(D) Watt - the anount of power needed or consuned 


These items constitute all ve will really need to know 


a 


E 


this timc. 


The most common type of electri 


1 current supplied! 


by the utility companies is alter: 


.transmitted over long distances with a minimum of loss, thus 
giving more efficiency to the system. 

One must remember that whenever or wherever electricity 
is concerned we always have añ electrical code that must be 
adhered too. If we follow the code exactly, then there will 
never be any mistakes or accidents. Sone areas require that 


only a licensed elect 


ian be able to do some. repairs or 


installations. So, check on this before you start anything 


pertaining to electricity 


World War II period 


Niectrical 


the "wo 


ire House System 


ihe majority of small hou 


5 built prior to the 


television and electric appliance boon of the post- 


are fed with a simple, basic tvo-vire 


power systen.. Two wires, running from the nearest secon 


Jary 


distribution transformer, cuter the house, ‘they might be 
suspended aerielly from a pole on the curb line, or they 


ht-be completely out of 


ght in buried pipe. With such 
a two-wire service, the voltage is always "JJI5." One wire 


has white or g 


colored insulation. Jt is connected to 


the nearest water pipe and is called the "ground" wire. The 


.Second wire has black insulation and is called the "hot" side 


-of the line only to distinguish it from the other. The ground- 


ed wire is by no means "cold" by implication; the two wires 

can function only together, not separately. Standard practice 

is to keep the grounded wire a continuous circuit throughout 

the house, and to insert fuses and switches only im the hot wire. 
The main switch and the main fuse are usually in a single 

steel box. The cover of the latter is linked to the switch 

E adhoc thet the fusca eren oed 

only when the switch is thrown to "off." With the switch 

open or the fuse burnod'out, the entire clectrical systen 


of the house is dead. 


The watt-hour meter registers the power consumed in the 


house. Following it, there are usually several individual 


"branch" circuits, cach with a fus 


These feed powcr to 


various parts of the house. If the builder vas conscientious, 


the b 


he arrange 


ach circuits so that the ceiling lights 
and the wall outlets in the rooms are on different branckes 
“Thus, if an appliance plugged into a wall outlet blows a fuse, 
the room lights still work, It is also sensible to provide 


individual lines for outlets that require a lot of current: 


one is the kitchen for instance, for an iron or toaster, and 


another in the basement for a washing machine. 


Electrical terms and their meaning 
In order for electricity to travel through wiring, it 
has to be under pressure-much the same way water 
your plumbing system. This 
ssure is measured in volts or voltage. 
Modern homes receive 240 volts of electrical power. 
This power enters the home throug 
e and passes through a me 


such as an electric range or oven, clothes washer or 
dryer require 240 volts. 

The amount of electricity that can be delivered to 
an appliance or group of appliances is limited by the 
diameter of the wire that it must flow through. The 
term for this measurement is amperes. Jus! 
bci Um ap seite 
wire is required to conduct a greater amount of elec- 
tricity. The fuse size must be matched to the wire 
size so that if necessary the fuse will blow before the 
ses a fire hazar 
es مھت‎ 
ings of a house is divided into circuits, Each circuit 
connects with a series of wall outlets and Switches 
Each heavy-duty appliance has its own separate cir. 
cuit. Every household circuit is protected bı 
or a circuit breaker. These devices break (or inter- 
ipt tie ciel when وی سا‎ 

The number of electrical circuits in a house deter 
mines 


rewired, it undoubtedly needs 
improvements in its wiring system. 


How to shut off main power 


What to piod for 
Buying a nes heck the size of the electric 

1 ond the electric service panel, An ideal 
00-ampere (wire of suitable 


ter, dryer, ai 


as a minimum 
heating, the need increases to 200 a i 
Buying an old home: Check the capacity of the elec- 
tric service panel. A home with a 3wire service is 
more valuable than one with two wires. The informa- 
tion on the following pages will help you to calculate 
your needs and make a more informed decision. 
Appraising the wiring in an existing home: The great 
majority—an estimated 90 percent—of the nation's 
Bormes ned some rewiring. E your electrical system 
displays any of the symptoms described on the fol- 
lowing page, use this section as the basis for a review 

of your requirements with an electrical contractor. 


How to read a meter 


imbers, always read 


for the second dial from the left has passed t 
but has not reached the 2. 


Understanding electricity 


Hookup from power lines 

Never attempt to work on the electric power hookup 

entering the house. These wires carry high voltage 

snd are dangerous, اوس‎ they مسا‎ damaged or 
‘worn, call your power company to make repairs. 


Beyond that point, 

it become: 
responsibility of the 
homeowner or elecincat 
contractor. In most n 


im the United States 


2 


So-ampere service. 


Lover-type switches 
are usually found in 
older wiring 


instalation as 
witch 
hing € Aor pulling) 


ae 


postion wi 
Ve main power sun. 


Fuses And Circuit Breakers 


WHEN THE LIGHTS GO OUT- the fus 


it breakers 
have boon overloaded. Tho only curo is to lighton the load 


not to invest in larger protective devices, 


lf fuses keep blowing out, merely replacing them with 


new ones is no cure for the overload Sorcwher 


in the house 


that is causing them to go "pfTt." And replacing the original 


fuses with’ others of higher arperago rating is about as 
sensible as looking for a gas leak with a candle. 
In some homes, in which no new hoavy-current appliances 


have been added recently and everything 


working satisfact- 
orily, a fuse may go dead without apparent reason, and putting 


in a new one of the sane rating resto 


operation to normal. 

In cases of this kind the original fuse itself was probably 
faulty. It may not have burned out at all, but merely developed 
an internal open circuit. The fuse wire may have become brittle 
and then broken under the influence of vibration from a passing 
truck, a-slamming door otc. I have examined nany fudes that. 
looked perfectly good yet showed positively and unquestionably 
as complete "opens" when given a continuity check. 

Sometimes a fuse definitely blows out, and replacing it 
restores normal conditions. The burn-out may well have been 
due to a momentary short circuit which cleared itself, at 

Sloat! for the tise being: Kor instances, a ron Steand D 


the flexible wire inside a cord for a floor lamp, a TV set, 


a fan, etc., might have wor 


Against themselves because 


the cord has been stepped on a lot or othe 


ise abused, 


Enough current may have flown across these wires, during 


a second or so, to heat them and the fuse in the sane circuit 
to tho melting point. A now fuse holds, although the cord 


remains potentially dangerous. 


.. s^ Sometimes the touching wires, instead of fla 


ring open, 
“weld themselves together, New fuses then burn out as 

quickly as’ you put them in. Actually, it is better for this 
to happen, as thon you know sonething is definitely haywire 


someplace and you are forced to go looking for it. 


As a general practice, when trouble-shooti 


$ the house 
power circuits, allow yourself one new fuse as a replacement 


for a blown unit. 1f this pops off, start shooting! 


i Standard "plug" fuses have bases like lamps, and screw 


“into receptacles in "cut-out" box. 


cop a record on cover 


of latter of house circuits controlled by particular fuses 
to case replacement. 
"Cartridge" type fuses have exposed metal end caps, 


which fit tightly in spring clips in cutout bo 


Keep 


spares in latter, CAUTION: 


if fuse is blown out, 


end cap on side to motor is still "hot." 


i; the dwelling... llave an assistant turn on all 


Fuses And Circuit breakers 
Chart of Fuse Positions 


The "cut out" box in most homes contains six fuses; 
more in many newer houses. lt is highly advisable to know 


which fuses control which outlets and lights all through 


the lights in 
one room at a time, and also activate the wall outlets with” 
portable lamps, a radiv set, etc. Start removing fuses. and 
let the assistant shout down or stamp on the cover of the 


fuse box. ‘Also, keep a handful of spare fusos, of the right! 


Sizes for your power installation, within easy roach of 


the fuse box. You'll congratulate your! 


f on your Foresig 
in this regard the very first time a circuit goes dead unexpoct- 


edly, as 


it always docs, 


Circuit Breakers 

In all but the lowest price brackets, tho tendency in 
new home construction is now definitely toward the use of ~ 
Circuit breakers rather than fuses for protection against 
excessive current surges. A circuit breaker has a handle 
like a switch and looks very much like one; it is in fact 
a self-tripping switch that goes open when the current 
BET UGE 6 OOS ics recon و تہ‎ 

The breakers now cóming into home use work on eithor a 


thermal or.a-magnetic effect, or a combination of the two. 


th 


thermal type employs a bi-uetallic strip which flexes 
and trips one or more sets of spring-loaded contact points 
when the rated current value is passed. ‘the magnetic 


type contains an electromagnet » 


docs the sane job. 
Host breakers incorporate a tine delay feature like that o 


slow-blow fuses, and for exactly the 


reason, 
“When a circuit breaker trips open on an overload, it 
can be reset in an instant; you nerely push the handle back 


up. If the overload is still on, it vil] trip 


Like a'good:switch, a breaker will last a long timo and 
rarely if ever will require replacement, 


Because circuit bre 


çors cost from 4 to about 25 times 
more than fuses, many people have gotten the impression that 
circuit breakers in general have magical properties and 


offer moro protection than fuses do. This is not so. An 


VW svorlond:tiut trips à' $2.50 Uroakof will’ also burn out a 
five-cent fuse, and just as quickly and thoroughly. Tho 


most obvious advantage of breakers is convenience. A far 


more important feature, which 


is not as videly appreciated 
as it should be, is that in many cases they prevent a thought- 
less homeowner from dolibepatoly overloading his power lines. 
Consider a "standard" house having branch circuits 
Ou regular l5-ampere plug fusos. A new table-top 
broiler arrives one day and all the members of the family 


gather round wnile it is unpacked, admired, and then, of 


course, plugged into see how it works, Nany such broilers 


Take pretty close to 15-amps all by themselves. If current is being 


carried on the same line for lights or other purposes, there is a 


very good chance that the 15-amp fuse will evaporate. Great disappointment 


registers on the faces of mother and kids. 


So what does pop do? Nine ^ 
timés out of ten, he will not resist the temptation to replace the 
15-amp safety valve with a 20-amp plug. Result: the broiler goes 


on and his reputation as Mr. Fix-It is saved. What happens to the 


power line is another story. Sooner or later this practice leads to 


disaster. 


If the house is equipped with 15-ampere circuit breakers, the 
‘breaker feeding the broiler line will flip open on the overload just 


as the fuse did. But this breaker is permanently bolted into the VEN 


distribution box, with its connections out of sight. There's 


nothing you can do to it except push the handle back to "on! 
٤ 


Every time it trips open it is warning you that the broiler is just 
. too much for that line. You might swear at it a little, but the 
sooner you realize the significance of the tripping of a circuit 


breaker, the longer will your house last. 


Melexibility! is the greatest argument in their favor. Probably 
pU Ur 


d 1 
90% of all actual cases of fires, charred wiring, 


sluggish air conditio; 


nd freeze 


5, etus, would not 


have occurred at all if uncorruptible breakers had been 


used instead of c 


ily "fixed" fuses, which are a danger 


in ignorant hands. 


In this section the value of 15 ampere 


has been used 


in describing fuse and breaker protection for branch circuits 


;in a house, This is the safe allowable carrying capacity of 


No. 14 wire, the s 


conwonly used in homes. However, 


much greater values are permissible with heavier wires. but 


remember, an overload is an overload, regardless. 


12 


Fuses and circuit breakers 


The job they do 

Fuses and circuit breakers might be called the watch- 
men of your electrical system. When a fuse blows or 
a circuit breaker trips, it is telling you bs some- 
thing is wrong. What is wrong may be two bare elec- 


tric wires touching because of worn insulation; too 


many appliances on the same circuit. If a 
wine) son push down the toaster handle, there is a 
good chance that you may be operating, say, a broiler 


Types of fuses and circuit breakers 


or an electric iron on the same circuit. If you are, un- 
plug the iron or broiler, and then replace the fuse or 
reset the circuit breaker. 

A fuse that has been blowu by a short circuit will 
usually have a blackened or discolored mica window. 
A fuse that has blown because of an overload will 
timely iw a iene سا‎ but there 
break in the flat i. The circuit bx p? 
flips to the “ne dom position when there is an 
overload or s 

Tt is حم‎ to keep spare fuse Dandy neat the 
fuse box. When you replace a fuse, be sure that the 
hew onc is of the same capacity. In other words, if 

you blow a I$ampere fuse, replace it with a گا‎ 
ampere fuse, never a 20 or 2 


Fuse box with the main 
disconnect at lop. 


ð ۶ 


" Tim 
ela stip EN 


p 


Window or 


break in sirip 
means blown fuse. washers, large power 


Tusekon tuse is Ike lug 


Tools. pops out. Push to reset, 


Type Suse 


H i 
=O cae 


n اس‎ eon ساسا اس لس‎ 
replaced when the 


“Type $ fuso prevents use of 
fuse. Each side 


t 
Made in sar 


unos io promet 200: walt out, wo‏ ا 
circuit breaker has two breakers‏ 


Circuit breaker pane! 
with main disconne 


um 


How to replace a blown fuse 


Remove the fuse by turning it counterclockwise (first 
shut off the main switch). If it is a 1S-ampere ee 
make sure the replacement is the same. Pull a car 
tridge-type fuse straight out. Large ones are best 
handled with a fuse puller. To "replace" a trig 
circuit breaker, push the toggle handle to "reset" or 
“on.” Always be sure your feet are on a dry surface 
and keep one hand at your side or in your pocket. 


si 


LT ped سخ‎ 
ne has same capacity. 


SS 


fuse box has main discon- cartridge: 
Me Oe iom rol oul FU eign outa In nav 


io get al main fuses. This will — fuse of same capacity, type. 


roult breaker: Easy 
dust push swich 


Grounded wiring 
Household wiring is color coded. In Poids سوا‎ en 


ive wires. In circuits carrying 

volts only, one wire is usually black and the other 
another color, but neither should be white. In 3-wire 
circuits carrying both voltages one wire is white, the 
other two black or colored. You get ts by con- 
necting the white wire and a colored wire to an out- 
let, 220 volts by connecting the two colored wires to 

n outlet. 

The fuse or circuit breaker panel of your home is 
grounded, that is, there is a wire connecting the serv- 
ice panel to a rod which is driven into the earth. In 
residential areas, this ground wire is usually at- 
tached to the water-supply pipe which leads into the 
ground. The white neutral wires of the various 
branch circuits throughout the house are also con: 
nected to grounded terminals 
necessary for a m 
reduction of the possible effects of light 
Grouirled wirlag systeme are those in which all 


Man uses 


Grounding 
cable 


metal outlet and switch boxes, cable armor, and ex- 
posed metal parts of the wiring system are connected 
back to grounding terminals in the fuse or circuit 
breaker. Grounding terminals of grounded recepta- 
Riese ne SECU LE 
other means. A 3-prong appliance cord continues 
grounding mel ee m fault in 
such an appliance, such as a loose wire touching the 
frame, will immediately cause a fuse to blow or à cir 
cuit breaker to trip. Appliances or tools that do not= 
have such protection can be dangerous-you could 
get a shock if something should go wrong with the 
internal wiring. 

Check your system for grounding 
type of wiring is installed in your hom: 
ia of nonmetallic cable, that cable shou 
third wire (which has no plastic sheathing) tat 
connected directly to the electrical outlet boxes. If 
your wiring is of BX c سس‎ 
grounded, because | the vn “eating of BX 
cable acts as a grot ‘or. Metal conduit 
also serves as a incid ساوت‎ 


by seeing what 
v TE the wiring 


Safer electrical service 


Once you have determined how your electrical wir- 
ing is grounded, you can carry grounding safety one 
step further by installing 3prong electrical outlets 

the house, Be sure that the third wire of 
(the bare one) is attached to the 
round terminal on the outlet receptaci 
less expensi 


adapter plug. Be sure to connec 


-ihe:plug to the screw on the electrical box plate. If 


you neglect to do this, the grounded circuit will be 
ineffective. 

In double insulated tools, all wiring is protected by 
an extra layer of insulation. With this extra layer, 
ven if the primary insulation fails, no part of the 
tool can become electrically "live." The ca: 
pA Mec. 


that are equipped with 3prong plugs, however, must 
be connected to grounded receptacles and used in 
conjunction with 3-wire extensio 


Coe 


Adapter 
plug Black (hot) 


Fit 3-wire 


ro adapler plugs with pigtail ai 
tached to receptacle plate. 


Conducting 


Ground wire 
terminal 


Metalto-metal 
N 


Backwre — Whilewire 


service entrance 


Electric rounded to motal water supply pipe 
orto a special metal rod 


wen into the 


Tree has a green ter. Ci 


-hole receptacle 
i screw for the grounding wire. 


wire of nonmetallic cable 
Connects direct 10 outlet box. 


Metallic sheathing o! SX cable acts as 
ground conductor in older homes. 


Tips to get you started 

Inadequate power in the home does not mean that 
you must completely renew all wiring plus the serv- 
ice panel. Wiring can often be updated by the instal- 
lation of additional circuits to your existing system. 
Completely renewed wiring should be left to the li- 

lectrician, but by following 

tions in this section, you can put more "horsepower" 
in your home's electrical 


electricians will be happy to inspect your work be: 
fore making final connections for only a fraction of 
what they would charge for the entire job. 

The code will also determine what type of wire you 
must use. Some arcas use Romex (a fabriccovered 
wire); others recommend BX (armored cable). Wire 
size is important. Wires are rated by numbers, the 
lowest numbers indicating larger diameter wire 

. Number 12 wire is generally recommended 
throughout the home. Number 14 wire can be used, 
however, for 15-ampere circuits. 

Part of your planning includes checking the exist- 


utility company to be certain that the lines leading 
into your home have the capacity to deliver the extra 
power the new circuits would require. 

Refer to the electrical service panel illustrated 
here for help in determining what circuits should 


120-volt circuit for every 375 square feet of floor 
space. Outlets should be spaced every 12 feet around 
the walls of each room. 


Efficient light and appliance circuits 


Planning new circuits 


general-purpose 


35-and2o. 
ampere circuits 
for outbuildings 


e) 


ner sroulte of i5 and 
20 amperes take care of all 
lamps (ceiling, wall, bed, desk, 


der 1750 wi 
۲ 2300 watts 
Wall outiets shoul 


the same circuit 
Controls the lights in a room. 


240-0۵11 circuits. 


rico to an outbuilding 
such as a barn, guest house, or 
shop should be on a separate 
iake-oll from the main 


are generally sufficient 


Improving electrical service 


Relieving overloaded circuits 

Overloaded circuits are by the use of too. 

many appliances at the same time. 

the kitchen electrical outlets share the same circuit 

with the lights, a refrigerator, a radio, or some other 
ance, the chances are that your blow 

whenever all of these are oper 

and you switch on a fry pan or. 3 

You can eliminate this kind of overloading 


ling by con- 
necting a 4-outlet appliance plug box directly to the 
electrical service panel. Top sketch shows a 120-volt 
rcuit connecting appliance outlets to two 

1. This hook- 


up allows you to use four appliances 
at up to a 4500-watt capacity. 


Before planning this installation, see if your fuse 
has two unused power takeoffs. These can be 
recognized by two empty spaces that would accept a 
fuse (or a circuit breaker, in homes so equipped). If Nese 
all power terminals are in use, you will have to install ہو‎ 
electrical panel T 
Once two power takeoff terminals are established, 
follow the wiring configuration of the upper diagram oroit we 
to run a No. 12, 3wire cable from the appliance plug reut breakers) 
to the service panel. | 


l: These units do the Job 
of a small electrical service panel. The power from 
the main service estrenos flows into the addon 2 pend 
and is distributed to the supplementary circuits. 


black wires go to the terminals and the white wire. 
goes to the neutral bar. 

At the add-on panel, both black wires are joined to 
the fuses’ screw terminals and the white to the 
neutral bar. New circuits are then conn 


How to avoid danger 


electrical stand on a 
, Protect yourself by wearing rubber gloves and rubbers, او وا‎ T? 


0 1 
‘ali, if you are in any doubt about how to do any particular |  Three-wire electrical cable in older homes will have two black Soil uh wre, NIN le a rnd, Te goin ne 
job, call in a licensed electrician. wires and one white one. In more recent construction, this has is bare metal. To avoid confusion, ground wires have been 


Electrical repair guide 


Aids to easy rep: 
If you can follow the operating instructions for a 
dishwasher, dryer, or modern electric range, you can 
learn the necessary technical facts and techniques 
to handle dozens of minor electrical repairs. Re- 
placing an old wall switch with a new silent type, in- 


switches, hanging a new cei 
tasks that can be easily accomplished with a mini- 
mum of skills and tools. 

ven the seemingly more complex jobs, such as 
installing an additional electrical outlet or wirin 

circuit, arca spe fade E 

step-by-step instructions in this section. 
appliances y 


ovi 
fuses or shut off the circuit breakers that supply 
power to the circuits you are working on. 

You probably already have most of the tools that 
are required for minor electrical repairs or wiring. 
ers, knife, ruler, hammer, 
t, electrician's pliers, metal 


for 
slotted screws often used in appliance: 
that have a socket on their end to drive or remove 
nuts in areas in which a wrench would not fit. 
Another necessity is a neon lamp tester, a small 
light with two wires that are inserted into an elec- 
trical outlet to see whether a pre: 
enose pilara are used to Hold aefews, mts, and 
similar small hardware so that you can insert or re- 
move them in hard-to-reach places inside walls or 
ces. They are equipped with side cutters 
Which can be used for cutting wires. 
Wire strippers slice neatly rouge insulation 
id remove it without disturbing 


ing connections with new wire. There is also a multi- 
purpose tool that cuts and strips wire and can crimp 
terminals (fasteners) to the ends of a wire, joining 
them without the use of solder. 

Idering gun is a better 
choice thar g iron because it heats faster 
and has an easily held pistol grip. 


Tools and their uses 


Philips-tpe screwdriver 


em‏ -۔ 


Neon ھا‎ tester 


Nutdriver 


Soldering gun 


Elctrican's pliers AT 


Multipurpose tool 


of eleciciams pliers cut 


rimping of solderless terminals joins 


Side cutters 
through wire, Can be used as strippers wires without the use ol solder 


Test lamp inserted in outlet lights up, 
signaling presence of electricity. 


Soldering gun melts solder to form per 
manent electrical connections, 


Nut driver reaches nuts in cramped areas 
‘wrenches do not fi 


The most common type of electrical current supplied by the 
utility companies is alternating current or A.C. The reason for 
this is because alternating current can be transmitted over long 
distances with a minimum of loss, thus giving more efficiency to 
the system. 


One must remember that whenever or wherever electricity is 
concerned we always have an electrical code that mst be adhered 
too. If we follow the code exactly, then there will never be any 
mistakes or accidents. Some areas require that only a licensed 
electrician be able to do these repairs or installations. So 
check on this before you start anything pertaining to electricity 


Tools and Materials 


f you are the average fix it or handyman, chances are you 
already have the basic tools, but if you aren't the following is 
a list of essentials that you may need: 


(2) Line mon pliers 


PAIN HANULES 


(2) Veedienese or chain nose pliers 
vertente 


i 
i 


(3) Diagonal cutting umm 
یس وج‎ nS 


ace‏ کا 
Assorted screw ESD‏ )4( 


EES 


GI 


(5) Pocket knife 


(6) Hack saw 


t3 


© 


ا 


(15) tester 


(16) Tape - plastic, friction end rubber 


oz 


Electrical boxes and accessories 


Wall boxes 


Wall box accessories 


2 Several metal box 3. Molai box witha 4. Tho lange on this 
can be screwed 


1. Metal box is flush- 
to the side of stud in 
drywall 


in lath wall 
unted al 


mall side flang 


Mount wall boxes 


Or use 


between studs in drywall wih box 
amps le, which gri rear side o jo screws 


projecting tabs are bent into 


"metal uppori aah that slip In 


Ceiling boxes and accessories 


Weatherproof outlets, switches, and boxes 
for utder installation: ‘Single or multiple 
‘covers. Both single and 
ree-way switches are available. 


bbe ganged together. ‘onal, and round. 


joists in a ceiling. 


justablo hangers, left, permit ceiling boxes to b 
between ceiling beams. Si 
tight, rest on ceiling laths 


fastened 


allow box hangers, 


Thin-walled conduit and accessories 


Bending condi 


with ahickey 


200 =a fe 


Y ring Inside nut clamps cond 
d ino it Tightening coupling 
Joint secures both 


inside this nut clamps con- 
on and coupling joint, Coupling joint 
‘secured to box with lock 


= gt 


Tier rog insido nut attaches condui 
19 eh angle adapter. Adapter is held 
to the box with a loci 


metal clamps and 
screws attach the conduit to a wall. 


a coru or Wrong à‏ السا 


Pigia tended 
threaded box 
CORTO te ا‎ nd lor 


curely at- 


Mako bende in conduit with 


must not exceed 36 


Hook bender over conduit with 
the insido of tne grip hook at 
«û the conduit by 
Pulling the handle back In th 
"recon of he bend. 


Placing a foot on a straight 
section of conduit makos 


that the angle i$ conect 


Types and uses 


Wire sizes 


Wires and wiring 


1 


able: Cable is classified according 


(which is also a hot wire) and a ground wire. 


ہے 


کد 
۴ی 


Used to transmit 


inum. No. 6 and larger are stranded. 


Underground feeder and branch crcut 

in be used underground, indoors or 

! requiro a conduit when buried. 
Resists water and corrosion. 


Extension end epplianc 

W types. Lamps usually 

ppliancos and 

with wire size to 

Extonsion cords are sold with 
connectors at each er 


size for residential wir 
Ih 


ing vary from No. 14, the small 
est permitted, to No. 0. (Sizes 
O000 available for special 
work) The smaller the number, 
the larger the size. The wir 
shown ar J sizes. No. 6 


and larger wires are stranded, 


Installing nonmetallic cable 


cuu ep ۴7 
1. Sirip off about 6 in. of i 

aie Covering. Be cael ol 
to cut insulation 


from each 


3. The next step is to strip off 
insulation to expose about 1 in. 
of the solid copper wire. 


2. Remove the outer wrapping 


jeudi 


4. Install the connector, Use the 
ado for nonmetal 
with two locking bolts. 


wires, Insula 


5. Tighten the bolts so con- 
hector is secured to cable. In- 
sert into box, install locknut 


ic cable 


BX cable 


Armored and special-purpose cabio 


Used only in dry, indoor 


wire armored ce 
service wire size. Check local code. 


id underground cable: Gener- 


by special connectors. 


o od ao i. of the‏ ا سا 
Y. Be careful not to cut into the wires.‏ 


3. Install special BX cable connector. Make sure 
cable fits snugly in it; tighten sc 


2. Remove 1 in. of insulation from each of the 
two wires; insert insulating fiber bushing. 


sh cable into Junction or switch box and in- 
Sia سا‎ Allow Bin Tor connec 


Switches 
Switches, Replacing 


When wall 


fail to operate properly, or when 


a dangerous arcing, or sparking, condition is noticed, the 


homeowner can replace the switches quite e 


sily, using 
modern types which can be installed in the original wall 
box in place of the old switch, 1n addition to sinply 
turning tho lights on aad off, these new switches offer 


many refinements and conveniences. 


Among the many variations available ar 


switches 


which tura. lights on and off noiselessly, s 


itches 
which glow in the dark, switches which can be set to po 
off or on at predetermined intervals, switches which 
have rotary ‘knobs instead of toggles and switches which 
can be operated by lightly tapping with an elbow when 
the hands are full. In addition there are special dimmer 
switches which can be used to control the brightness of 
the lights as well as to turn them on and off. 

"To install most of these switches, no rewiring or other 


alterations are required. « Tho steps involved are si 


nple. 


irst - and most important of all - turn off the power 
by pulling the main switch or by unscreving the appropriate 
branch fusc. Then unscrew the covcr plate and remove tlc 

1 


two screws (one at the top and one at the bottom) which hold 


tho: switch in placo. against- tis front of the outlet box. 
Puti. thepswitch vu: of, fts سمھور‎ pad unhook the wires 


conected: to Xt. رط‎ loosening: sha وو رو‎ screws to which 


they are attached. than hook these ics up to the terminals 
on the now سان‎ boing aS the black wire 
to the dark: (brass-colored) terminal and tho white wire 

sto the light. (sil vor-colorod): terminai.. Fold the wires 

bach into the box and press the new switch into position ` 
apdinst the fruit of tho lox. Tighten tie Screws which 

hold it in place, then screw the cover plate back in place 

to cover the opening. With most switches the same cover 
Plate can be used, but with sone, special s itching plates 
will be supplied. 


Switches which are silent in operation aro probably 


tho most popular of all. These are mercury switches, 
which resemble conventional toggle switches in appearance, 
and thoy axe.widoly available in hardware stores and electrical 


supply houses. 


Noiscless switches that foature a tap action, rather 
than a toggle action, are also available. These have a large 
Single button that turns the lights on or off each timo it 
is tapped.’ This means the button can be tapped with an elbow - 


rt of the body - when hand 


or with almost any other are full. 


Screwloss, spring-action torminals make Vt possible to connace 


many of these switches simply by pushing the bared vires into 


the openings in the back of the switch case. 


instantly loched Cirmly and permanently i 


without any chance of working lo 


n 


They are 


nosition 


t 
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Switches and outlets 


Replacing a switch 

Switches are always in the hot (black wire) side of 
the circuit, never in the neutral (white wire) side. So 
they connect to black wires only, except in switch 
loops multiwire switching. 

To remove old. ہت‎ S must first remove the 
fuse We ii off the circuit breaker) that controls 
the swi ‘Then remove the switch plate and 
the screws. 00 the switch in the switch box. Tug. 
the switch out of the box so that the wires are ac- 
cessible. Release the mue m their respective. 
terminals and replace them ie same position on. 
ien. new bU Ie all auto and tuck the 

's and tl into the box. Fasten the 
WERT and pos p switch plate. 


Replacing an outlet 
If an electrical outlet is faulty, it will short circuit 
and blow a fuse (or trip a circuit breaker) whenever 
an appliance or lamp is plugged into test 
whether or not an outlet is defective, plug in a dee 
you know is work 
the ci 
To remove a damaged outlet, turn off the power to 
the affected circuit temove the outlet plate, 
remove the two screws holding the receptacle, and 
pull the unit ‘ofthe box. Remove the wires from 
their resp mi 
same arrangement on the new receptacle. Many new 
receptacles are the wire grounded type, in which 
case you can either ignore the ground terminal, or 
a short length of wire from the ground terminal 
directly to the outlet box; follow local code. 
Multiple switches and outlets: Usually you would 
only have to replace one switch or outlet from a 


be tested in the same way as the single units 

Position of terminals of multiple 
lets may very slightly on some brands, The important 
thing is to place all the wires removed from the old 
switch or outlet on the same screw terminals of the 
new un 


units: Combination swi 
units are wired similarly to the single and double 
switches and outlets. Each switch, outlet, or pilot 
ght requires one common wire obtained by using 
jumpers to connect all three terminals. 


‘Switch in supply cable 


Black wire 


Switchplate 


Black wire 


Switch loops to separate fixtures 


Double electrical outlet 


Electrical box 


Quadruple iectrical outlet: Note positioning of wires 


9% 


Lath and plaster walls 

Ideal positioning for switch boxes is about 4 feet from 
the floor; for outlet boxes, roughly 12 to 18 inches off 
the floor. Outlets for wall-mounted light fixtures 
should be 60 to 70 inches above the floor. Be sure to 
echt a hae Oats catego door rather 
than on the hinged side. Always use 2%-inchdeep 


electrical boxes rather than the shallow ones, unless 
some structural problem will not permit the deepe 
box. With lath and plaster construction, you c 

tats جم‎ electrical bor ameet any bere along Es 
wall, since the wooden اوسر‎ strong enough to 
hold the box securely. 


rge enough to ex- 
poso lams. Use template at right to out. away ce 
line hole to be made in the wall. 


Drywall installations 

In drywall or wood paneling, boxes can be mounted 
between studs by means of special clamping devices 
(p. 260) that grip the inside of the hollow wall. The 
strongest point in this type of construction, however, 
is at the studs. You can get boxes equipped with 
brackets that can be nailed or screwed directly to 


Remove plaster. Dril saw holes. Hold your 
hand against wall to 

enter lath coms. Cut sections 
from laths above and bi 


knockout disks from box. Pull wi 
ing through hole. Attach connector. Inst 
locknut. Push box into hole, Anchor box 
to lath with wood screws. 


prevent cracks. Cut 


the face of the studwork. To fit boxes directly onto 
the studs, you must first locate the stud, then chip a 

notch out of the drywall large enough to accept the 

fastening bracket. Connect the wires to the 

fore placing it in the hole. When installation is com- 

plete, patch the hole — 


‘cate stud. Notch drywallto expose stud. 


prevent cracks. Saw out section. push box into hol 


Punch knockout disks from box. Pull wir- 


Anchor box bracket 1o stud wih serons; 
Fill ind bo» 
either EE "d spacio eo Wat ie Buh 
with surface. 


Installing electrical boxes 


Locos! studs 
ral methods for locating studs. One of 

the following should wo 

1. Tap the wall lightly at points above the nails in 
the baseboard. A hollow sound means there is no 
stud. A solid sound indicates the presence of a stud. 
To be sure that you have found the stud, use a small 
drill (% inch) to bore holes in the wall slightly above 
the base ill several holes side by side until 
you bore into the stu. 

2. Baseb: 


point will indicate the center of a stud. This method 
also works with paneled walls. 
ituds are generally 


How to outiine the hole 
10 be cut for the electrical box: 


Sind hole positions for cutn. 


Electrical box template 


Wiring 


Wiring 2-, 3-, and 4-way switches 


How a switch, outlet, or fixture is wired depends uj 
its location in relation to the wires that lead from the 


. Then 


always hot; however, in certain switch installations 
both black and white wires arc hot. In such cases, 
you should dab black paint on the white wires at the 


Switch and fixture to indicate a hot wire. Dray 
are diagrammatic, without 

grounding wires. 

Two-wire joining methods 


|. Remove 3 in. of insulation from each wire. Cross and 
Twist wires together 1 in. from the insulation. 


Make six to eight turns in twisted wires with fingers and 
pliers, Solder wires together. Tape alter soldering, 


2, Twist ends of viri gener as shown. Sero wie nuts 
onde to form connections without use of soldar. 


Black lo white 


Power source 
7 


Wall switch to control ceiling fix 
that black feed wire is connected to white wire from tho switch. 
Paint white wires at fixture and switch black 


Note 


wiring hookup is similar to wiring at left 
‘switch and fixture black to indicate they are 


Wall switch to control ceiling fixture In the middle of run: This 
hot 


Paint white wires at 


Power soure, 


‘Two fixtures on the seme line controlled by 
Fixture on left is controlled by switch to the left. Fixture on right 


Adding a supplementary oue 


‘to an existing ne c 


jo op terminals on existing culet (i). N outlet is 
ie controlled by pull chain on fixture. سس‎ lower erm 
Dark colored 
screw New outlet 
Power source 
\ 


eae 0 
XC 


new switch and outlet to an existing ceiling fixture: 
Fixture is controlled by wall switch. Operation of new outlet is un- 
affected by operation of wall switch. 


‘outlet or fish 


re to an oxi 


isting Junction box 


Same wiring arrangement as for outlet could be used to connect 


a new ceiling fixture instead of an outlet. 


Wiring 2-, 3-, and 4-way switches 


Power source. 


outlet aways hot 


Black to white 
[ 


Dark-colored screws ^ 


‘Adding swiich and outlet in the same box to coiling fis 
Eat caa eae i Ced Sper EN Re اسم‎ 
let is unaffected by new switch. 


Vie cable fst be v 


two 
tween switches. Either switch, each 


d bet 
heated ata dillrent spot, can control fixture 


‘connects each switch to the fixture 


9 fixture between two switches, controlled by 


re. Feed wire 


"Black io whit 
L7 (paint write wire] 
black at switch) 


E Ponor source 


ewig cable 


Bwire cavie 


controlled by two switches: Left fixture 
edes "yos Fogd wire o wre cable, Fixture and 
switch connections are 3-wi 


lled by separate switches; 
Feed wire and outlet connections are 2-wie cal 
tween swit 


hera cuia, sick able o o Soa cables 


Ceiling fixture controlled from 
Sway switches and one 4-way switch 
control point requires an additional 4-way switch. 


Sway switch 


6z 


Wiring code 


New grounding requirements 

You should be aware of a change in the National Elec- 
trical Code: An improved grounding system B of- 
fers far greater safety than the 


connected to the grounding post of an outlet, is con- 
nected to the metal box that houses the outlet. Then 


of grounding by means of the metal in BX ee 
conduit. Basically it consists of an extra wire that 
now becomes part of the grounding system, with this 
important step: Grounding wire, instead of being 


jumpe: m the box to the outlet. 
The reason for the jumper wire—instead of the wire 
being directly connected to the receptacle—is to as- 
sure a continuous ground. With direct connection, if 
the outlet were to be removed and the wires taped 


up, grounding wire would terminate in the air, so to 
speak, and break the ground, With the wire connected 
to the box, the grounding system is continuous even 


Ba ان‎ err tie سو سس‎ 
and from the سز‎ 


which‏ سر ونس parc‏ کک 
are often used with nonmetallic boxes.‏ 


177 


Grounding wires 3080۳ 


MA 


RR 


a 


RRR 
CK 


RRR 


ring hookup for a light controlled by a switch, using the new grounding system. All new wiring Switch wired through junction box controls light at far end of cable. This type of wirin 
must have an extra wire as a ground; with Romex, use the bare middle wire. 


is called a 
‘Switch loop. White wire leads to switch; black wire leads from Switch to fixture. 


Grounding 


LID 


Extending power to a new outlet. Goth outlets have a sall grounding sirap and binding post that is 
Eonnected by means of the jumper wire o tne grounding post in each box. 


trolling wo ceiling fixtures and wired according to the revised 
ing on many switches but must be used if required by local code 


[3 


How to install a chandelier 
Use a sturdy ladder to work on ceiling fixtures. Check 
hether you can do the job or if it must be done by a 
licensed electrician (or approved by one). 
„tun 


sa E سی‎ he felts 
Use a test light to find out if the wiring is still “hot.” 
If the old fixture hanger or bracket is the same as the 


one that comes with the new fixture, use the old one. 
You will need to support the fixture as you wo: 
You can do this by bending a coat hanger to size ES 
hooking it to the new fixture and ceiling box, or you 
can tie the fixture to the box with strong cor 
Connect the black wire in the ceiling box to the 
black wire of the fixture, and the white wire to the 


0 


white wire. Make sure the wiring doesn't rub against 
any surface that might wear through the insulation. 
Apply tape to any such possible areas. If you use wir- 
ing nuts, tape them so that they won't loosen. If you 
prefer soldered connections, tin wires first, solder 
them together, then apply enough tape to equal the 
thickness of the scraped-away insulation. 


Mounting bracket 


Screws 


canopy 


~ Fixture 


wg 


Typical ceiling fixture mounting details. The parts 
used for hanging will vary according to the type of 
fixture as well as the manufacturer. 


Fixture cover 


um لام‎ power. Loosen and remove he 
Chains Holding canopy in one 

Solscrow or locknut at bottom of canopy. Ie connections. 
Lower canopy 


2. Support the fixture; pull out wires. Re- 
ding wires together or cut wins of ie new fatur 
crew the nipple from make conne: 


a. Sip a 2i. length of insulation om the 

ro. Use wire its 10 
between fixture wires 
"nd the wires from ceiling box 


a stud in the center 


and secure with locknut or selscrew. 


encounter this type of installa: 
tion, where a steel bracket is connected to to 


Another possibility: The bracket is bolted 
the ears on the sides of the box, an 
the fixture is also bolted to the bracket as 

own in drawing above, 


box and fixture 


1E 


Floor and ceiling wiring 


Mounting a ceiling box 
If you plan to install a ceiling light and the space 
above the ceiling is not accessible, you will have to 
below. Cut away plaster or other ceiling 
material to fit a shallow box, then any backing that is 
in the way. Fish the BX cable through the opening. 
Next ingle bar octoee the opening. TGA 


Installing a floor outlet 


the cable through one of the holes in the box; secure — A floor outlet is convenient because you need not fish 


with a locknut. The stud on the hanger passes through wires. Installation is easiest abov nt; the 
the center hole of ês box. Tighten the nut until box required power for takeoff is usually availabe from a 
is secure against shallow box is recom- cable running along or between basement joists. First 

locate—and avoid—the joist at the installat Point 


pedro e uen canopies are large enough 
to cover a full-size box. by drilling a hole through basement ceiling and loo 
above, at each side of rhe holes mark ped 


ML op iets opening at cithor side 


outline on ceiling and remove 
plaster or other ceiling material up to back- 
ing. Carefully cut away any backing that is 
visible through the hole. long enc 


hanger bar so. 
ing material. Stud on 


Recon ceiling fixture 
install a recessed ceiling fixture, first locate the 
selling jolts by Geli end Sopa c if necessary, by 
drilling a few holes with a small the 
space between the joists for the box. (Joists are usu- 
ally 16 inches apart.) 
Saw out the required section with a keyhole saw. 
Next screw wood strips between joists to support the 
box. Some manufacturers supply metal support 


Fish the BX cable through the hole. Insert Pa: 
it will rest across the bac 
hanger bar should be 
ough to pass througt 


Draw an outline of the box 

between the floor joists. Drill 

a clearance hole in each cor- 
and saw out opening. 


the cable through one of tho holes in 
box and secure it with a locknut. Raise 
ud will pass through the 


strips as well as junction boxes as part of the fixture, 
Bring the cable to the junction box and secure it 
with a locknut. Allow 4 inches of wire beyond the 
locknut for connecting. Make sure that the cable end 
is protected with an insulating sleeve. Connect the 
white wire to the nickel-plated binding post and the 
black wire to the brass-plated post. Push the fixture 
into the opening; secure it with roundhead screws. 


Screw the box to the floor with 
the knockouts in the box and — fiathead screws Connect black 
wire to brass screw and white 


Y lapping or ing piot 
pee 72 


Cut opening between joists to accept me 
re. Secure cable to junction box. 


wire to nickel-plated screw. 


Connect other end of cable to 
rec Power source. Remove c. 
inser the ceiling لین‎ i me outbox Nole Gust cover en" iol appliance 
e wood strips with screws. S To a ain which can take dust protector. 


ze 


Installation requirements 


Outdoor outlet 


Outdoor receptacles must be the weatherproof type. 
They usually have a spring-loaded cover to seal them 
when they are not in use. The juncture between the 
cover plate and the wall surface must also be made 
water-tight with a caulking compound. 

mounted receptacles also have a weather- 


than flush with the wall. Wiring for either 
type is lec to the box through a length of threaded 
conduit . All wiring to outside outlets must 
now be protected by a ground fault interrupter (GFI). 
Grounding and wiring connections are the same as 
for an indoor receptacle. 

Only fixtures and wire approved for outdoor use 
should be used for outdoor lighting. If the bulb will 
be exposed to the weather, it should be a weather- 
Proof type to prevent its shattering from contact 
with rain or snow while in operatio 

Que tyye of outdoor lighting hine is désigned to 
fit a small box in which the connections between fix 
ture wires and supply wires can be made. The box is 
equipped with a cover and a for protection 
against rain after the connections MM Ped: 

g passage trough the 
igid, threaded type) 


a grounded junction box inside the house, and is prop- 
erly connected, it serves to ground the outside fixture. 
If the conduit merely passes through the wail and 
serves only de «dhol tor ib debs ٦ 
be grounded. 

‘Any tools or appliances that are plugged into an 
outdoor outlet should be of the grounding or double- 
insulated type; make certain that their cords are not 
frayed. Extension cords should be of sufficient capac- 
ity that they will convey current to the tool without 
a drop in the voltage (p.259). 

An outdoor soffit light, such as is shown at the 
right, can be hooked up with a photoelectric eye to 
turn the light on at dusk and off at dawn. The bulb is 
screwed into the photoelectric eye adapter and the 
adapter is then screwed into the socket. No further 
wiring is required. 


: Before doing any wiring, always make certain 
you have turned off the current and that you will be 
complying with your local electrical co 


— 
ar Cut hole in wall ol house 1o exact sizo 
witch of outlet box. Secure cable; leave 4 in. 

Eae 


Install the receptacle with weatherproof 
plate, Caulk opening around box 
to prevent water getting into oulle 


‘Wire an outdoor receptacle to the 
est junction box in the house. S 
be used to control out 


Eave light 


Connect cable to power inside house Secure tho cable end to special ou. Connect white wire to white vire and 
and pass through a 1-in. hole drilled door box with locknut. Allow 4 in. of black to black. Secure socket assem- 
inthe sollt Work with current o re for connections, bly with the bolts provided. 


Accessories 


Switch for outdoor use Weatherproof outlets have screw-on caps or 
is especially designed spring-loaded lids to protect the openings 
to be weatherproof. m the elements. 


door boxes Portable اب‎ 
must be used with out grounded by third 
door switches, outels, wire the cord 


